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Abstract: Bahia Concepcion is one of the largest coastal bodies of water on the
peninsular side of the Gulf of California, which is characterized by great fish
species diversity. Spatial distributions of fish larvae in Bahia Concepcion during
June and November 1997 were analyzed; these months were representative
of the extreme hydrographic conditions during an annual cycle in the Gulf.
Zooplankton samples (333-J..lm conical net) and conductivity, temperature, and
depth data were obtained at each sampling station. The Bray-Curtis dissimilarity
index defined three groups of stations in June (mouth, central, and interior) and
two in November (mouth and central-interior), which vary in species composi-
tion and dOlninance. In June, Gerreidae (Eucinostomus gracilis) and Clupeidae
(Opisthonema sp.) larvae were the dominant species in the bay mouth; Sciaenidae
type 1, Clupeidae (Harengula thrissina) , and Pomacentridae (Stegastes recti-
fraenum) larvae were the dOlninant species in the central bay; and Gerreidae (E.
dowii) larvae in the bay interior. The differentiation of three groups is associated
with variations in hydrographic conditions recorded from the mouth to the bay
interior, coinciding with a well-defined thermocline throughout the bay as a
result of weak winds prevailing in the central Gulf region. In November, Mul-
lidae and Clupeidae (Etrumeus teres) larvae were the dOlninant taxa in the bay
mouth, and Gobiidae (Ilypnus gilberti) and Blenniidae (Hypsoblennius gentilis)
larvae do!ninated in the central and interior bay. The similarity of the larval
composition of the central and interior bay is associated with a straight spatial
gradient of temperature and salinity and homogeneity in the water column; this
condition was caused by strong winds and tides that affect the region in late fall.
In addition, the presence of mesopelagic species (e.g., Vinciguerria lucetia) in the
bay interior during November indicates a clear influence of the Gulf waters in
the bay at that time, possibly as a result of intensive !nixing.
THE GULF OF CALIFORNIA (the Gulf) and
its coastal bodies of water is a region of great
ecological and fishery importance, charac-
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terized by high species diversity and abun-
dance of commercial species (Fisher et al.
1995, Cisneros-Mata et al. 1997). These bio-
logical characteristics are associated with
complex oceanography and well-defined wind
patterns that maintain high productivity in
the region. Strong northwesterly winds and
tides cause vertical mixing from late autumn
until early spring, and weak southerly winds
permit the thermocline formation in summer
(Roden and Groves 1959, Badan-Dangon
et al. 1985, Alvarez-Borrego and Lara-Lara
1991).
Bahia Concepcion is one of the largest
and shallowest coastal bodies of water on the
peninsular side of the Gulf and is connected
to the Gulf through a straight, permanent
opening. Because of its permanent connec-
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tion, the bay may be an important nursery
area for fish species that inhabit the region
(Abitia et al. 1990, Rodriguez et al. 1992).
Studies of fish larvae in the Gulf have in-
creased since the 1970s (e.g., Moser et al.
1974, Green-Ruiz and Hinojosa-Corona
1997, Sanchez-Velasco et al. 2000, 2002), but
little is known about the ichthyoplankton
in Bahia Concepcion and other bays of the
Gulf. In Bahia Concepcion the only ichthyo-
plankton data reported have been the pres-
ence of eggs and larvae of two sardine species
in the bay mouth, coinciding with their
spawning period in the Gulf (Muiieton-
Gomez et al. 1994, Cota-Meza and Muiieton-
Gomez 1995).
The objective of the study reported here
was to determine the spatial distribution of
fish larvae in Bahia Concepcion during June
and November 1997, two months that repre-
sent the extreme hydrographic conditions of
an annual cycle in the Gulf of California.
MATERIALS AND METHODS
The sampling grid consisted of 36 stations
located throughout the bay, which was sam-
pled during the day on 21 and 22 June and 29
and 30 November 1997 (Figure 1). The tem-
perature and conductivity of the water col-
umn at each station were measured with
an Inter-Ocean CTD (Conductivity Tem-
perature Depth Profiler). The zooplankton
samples were obtained using a 150-cm-Iong
conical net with a 60-cm mouth diameter and
333-/-im mesh size. Surface collections were
of 5 min duration at a ship speed of 4.5 kml
hr along a semicircular course. The filtered
water volume was calculated using calibrated
flowmeters placed in the mouth of the net.
Each sample was fixed with 5% formaldehyde
buffered with sodium borate (Kramer et al.
1972, Smith and Richardson 1979).
Zooplanktonic biomass was estimated by
displacement volume and standardized to mil-
liliters per 1,000 m3 of sea surface (Kramer
et al. 1972). Fish larvae were removed from
the samples after biomass determination
and identified mainly according to the de-
scriptions of Moser (1996) and Jimenez-
Rosenberg (1994, 1998). Larval abundance
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was standardized to the number of larvae per
100 m 3 of sea surface (Kramer et al. 1972).
Similarities among sampling stations in
each period were measured using taxa with
a frequency of occurrence ~5% (Bray and
Curtis 1957, Field et al. 1982). To reduce the
influence of the most abundant species, the
standardized data were root-root transformed.
Groups of stations were defined using the
Bray-Curtis dissimilarity index, a technique
that is sufficiently robust for many marine
data because it is not affected by multiple ab-
sences and gives more weight to abundant
species than to rare ones (Bray and Curtis
1957, Field et al. 1982). Dendrograms were
constructed using the UPGMA method (So-
kal and Sneath 1963). The Olmstead-Tukey
test, which incorporates the frequency and
abundance of species, was used to determine
the dominant species of each station group
(Sokal and Rohlf 1979, Sanchez-Velasco et al.
1996).
RESULTS
Hydrography and Zooplanktonic Biomass
The mean sea-surface temperature was sig-
nificantly higher in June (29°C) than in No-
vember (24°C), and the mean zooplankton
biomass was significantly higher in Novem-
ber (458 mIl1,000 m 3) than in June (196 mIl
1,000 m 3) (P < 0.05). The mean sea-surface
salinity was similar during both periods (35.5
psu).
The spatial distribution of hydrographic
variables showed higher spatial gradients in
June than in November. The lowest sea-
surface temperature and sea-surface salinity
values were recorded in the mouth zone in
June, whereas the highest sea-surface tem-
perature and lowest sea-surface salinity values
were recorded in this zone in November. The
highest zooplankton biomass values were in
the vicinity of the mouth and in the central
bay during both periods (Figure 2).
The vertical distribution of temperature
showed a marked thermocline between 10-
and 17-m depth from the mouth zone to the
interior bay in June, and at 28 m in the mouth
zone in November. Temperature did not vary
with depth in the central or interior portions
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FIGURE 2. Spatial distribution of sea-surface temperature, salinity, and zooplankton biomass in Bahia Concepcion
(Gulf of California) during June and November 1997.
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FIGURE 3. Vertical profiles of temperature (solid line) and salinity (dashed line) in the mouth, central, and interior of
Bahia Concepcion (Gulf of California) during June and November 1997.
TABLE 1
Mean Abundance (Number of Larvae per 100 m J) and Frequency of Occurrence ('Yo) of Fish Larval Taxa Identified
in Bahia Concepcion (Gulf of California) during Cruises in June and November 1997
June November
Adult
Habitat Mean Frequency of Mean Frequency of
Taxon Typea Abundance Occurrence ('Yo) Abundance Occurrence ('Yo)
Sciaenidae type 1 sd 5.60 62 0.20 11
Opisthonema sp. cp 7.90 53 0.40 17
Eucinostomus gracilis sd 31.40 47 0.50 25
Eucinostomus dowii sd 5.30 47 0.20 11
Harengula thrissina cp 2.40 38 0.20 6
Paraclinus sp. 1 sd 1.40 29 0.20 17
Stegastes rectifraenum sd 1.80 29
Xenistius californiensis sd 0.90 24 0.10 8
Eucinostomus sp. sd 3.90 24
Haemulidae type 1 sd 0.50 18
Caranx caballus cp 0.50 15
Mullidae type 1 sd 0.70 12 12.60 92
Clinidae type 1 sd 0.30 12
Hyporhamphus rosae cp 0.20 12
Scomberomorus sierra cp 0.50 12
Diapterus peruvianus sd 2.30 9 0.30 8
Haemulidae type 2 sd 0.40 9 0.10 3
Kyphosidae type 1 sd 0.10 9
Sphoeroides type 1 sd 0.20 9
Sciaenidae type 2 sd 0.20 6 4.10 6
Gillellus semicinctus sd 0.10 6 0.01 3
Scomberomorus sp. cp 0.20 6 0.10 3
Abudefduftroschelii sd 0.10 6
Exocoetidae type 1 cp 0.10 6
Orthopristis reddingi sd 0.50 6
Serranus sp. sd 0.01 3 1.40 36
Hypsoblennius gentilis sd 0.01 3 3.20 28
Paralabrax maculatofasciatus sd 0.01 3 0.60 20
Gobiidae type 1 sd 0.01 3 0.20 8
Oligoplites saurus inornatus cp 0.10 3 0.10 6
Stereolepis gigas sd 0.01 3 0.10 3
Caranx sexfasciatus cp 0.30 3
Chaetodon humeralis sd 0.01 3
Chloroscombus orqueta cp 0.20 3
Dactyloscopidae type 1 sd 0.10 3
Dactyloscopidae type 2 sd 0.00 3
Dactyloscopidae type 3 sd 0.01 3
Decapterus sp. cp 0.01 3
Eucinostomus currani sd 0.20 3
Fodiador acutus rostratus cp 0.01 3
Gobiidae type 4 sd 0.01 3
Hemirramphus saltator cp 0.01 3
Hypsoblennius brevipinnis sd 0.01 3
Lythrypnus dalli sd 0.01 3
Serranidae type 1 sd 0.01 3
Sparidae type 1 sd 0.01 3
Gobiidae type 3 sd 0.10 3
Ilypnus gilberti sd 11.40 61
Pomacentridae type 1 sd 3.60 61
Calamus brachysomus sd 1.60 28
Labrisomus xanti sd 1.40 25
Benthosema sp. mp 0.80 22
Vinciguerria lucetia cp 0.40 17
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TABLE 1 (continued)
June November
Adult
Habitat Mean Frequency of Mean Frequency of
Taxon Type" Abundance Occurrence (%) Abundance Occurrence (%)
Etrumezts teres cp 3.30 14
Engraulis mordax cp 0.50 11
Pontinus sp. sd 0.10 11
Etropus crOSSOtlts sd 0.50 8
Mugil sp. sd 0.10 8
Prionotlts sp. sd 0.10 8
Sardinops caeruleus cp 0.10 8
Sciaenidae type 4 sd 0.10 8
Anisotremus davidsonii sd 0.10 6
Apogon atricaudus sd 0.10 6
Bothidae type 1 sd 0.10 6
Caranx sp. cp 0.20 6
Coryphopterus nicholsii sd 0.10 6
Labrisornidae type 1 sd 0.10 6
Merluccius productlts dd 0.10 6
Mugil curema sd 0.20 6
Paralichthydae type 1 sd 0.30 6
Scomberjaponicus cp 0.10 6
Sphoeroides type 2 sd 0.10 6
Atherinidae type 1 cp 0.01 3
Dactyloscopidae type 4 sd 0.01 3
Dactyloscopidae type 5 sd 0.10 3
Fistularia commersoni sd 0.01 3
Gobiidae type 2 sd 0.01 3
Gonostomatidae type 1 mp 0.01 3
Howellidae sp. mp 0.01 3
Labrisornidae type 2 sd 0.01 3
Labrisornidae type 3 sd 0.01 3
Lythrypnus sp. sd 0.10 3
Phosichthydae type 1 mp 0.10 3
Sciaenidae type 3 sd 0.20 3
Selene peruviana cp 0.10 3
Sphoeroides type 3 sd 0.01 3
Symphurus type 1 sd 0.01 3
Symphurus type 2 sd 0.10 3
Syngnathus californiensis sd 0.01 3
Synodus type 1 sd 0.10 3
Synodus type 2 sd 0.01 3
Number of species 47 63
a sd, shallow demersal; dd, deep demersal; cp, coastal pelagic; mp, mesopelagic.
of the bay in November. A weak halocline
was found at 16 m in the central and interior
bay in June, and between 28 and 25 m in the
mouth and central zone in November (Figure
3).
Fish Larvae
A total of 2,327 larvae was collected in June,
with 21 families and 47 lower taxa identified,
and a total of 1,118 larvae was collected in
November, which included 33 families and 63
lower taxa. Larvae of shallow demersal spe-
cies constituted more than 73 % of the total
larvae caught during both periods, with 10%
mesopelagic and deep demersal species in
November (Table 1). The most abundant
families were Gerreidae (62 %) and Clupeidae
(15%), accounting for 75% of the total larvae
caught in June. Mullidae (27%), Gobiidae
574
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FIGURE 4. Dendrograms of sampling station groups defined by the Bray-Curtis dissimilarity index and UPGMA ag-
glomerative method, and their location in Bahia Concepcion (Gulf of California) during June and November 1997.
(20%), and Clupeidae (9%) were the most
abundant families in November, accounting
for 56% of the total larvae collected.
The Bray-Curtis dissimilarity index de-
fined three groups of sampling stations in
June at the 0.7 dissimilarity level (Figure 4).
The first group of stations (n = 8) was located
at the mouth zone, and the ichthyoplankton
collections were dominated by Eucinostomus
gracilis and Opisthonema sp. Fourteen stations
from the central portion of the bay were
grouped, characterized by having a higher
larval abundance and number of species than
at the mouth and interior zones of the bay.
Sciaenidae type 1, Opisthonema sp., Stegastes
rectifraenum, E. gracilis, and Harengula thris-
sina were the dominant species in the central
zone. Ten stations from the interior portion
of the bay were grouped, with the lowest
larval abundance and species number. Sciae-
nidae type 1 and E. dowii were the dominant
taxa in this zone (Table 2).
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Dominant Fish Larval Taxa of the Sampling Station Groups in Bahia Concepcion (Gulf of California) during June
1997 Determined by the Olmstead-Tukey Test
Mouth" Centralb Interior'
Mean Frequency of Mean Frequency of Mean Frequency of
Dominant Taxon Abundance Occurrence (%) Abundance Occurrence (%) Abundance Occurrence (%)
Eucinostomus gracilis 20 100 10 57
Opisthonema sp. 20 63 10 71
Sciaenidae type 1 70 93 2 60
Stegastes reetifraenum 10 71
Harengula thrissina 10 57
Eucinostomus duwii 100
" Number of taxa, 8; number of stations, 8.
b Number of taxa, 24; number of stations, 14.
, Number of taxa, 7; number of stations, 10.
Two groups of sampling stations were de-
fined at the 0.8 dissimilarity level in Novem-
ber (Figure 4). The first group of stations
(n = 6) was located at the mouth of the bay,
and collections there were characterized by
having low larval abundance and species num-
ber. Mullidae type 1 and Etrumeus teres were
the dominant species. The second group of
stations (n = 23) extended through the cen-
tral and interior zones of the bay, with high
larval abundance and species number. Mulli-
dae type 1, Ilypnus gilberti, Sciaenidae type 2,
Pomacentridae type 1, and Hypsoblennius gen-
tilis were the dominant taxa (Table 3). Meso-
pelagic species, including Vinciguerria lucetia
and Benthosema sp., were found in collections
from the central and interior of the bay.
DISCUSSION
Variation in the spatial and temporal distri-
bution of fish larvae found in Bahia Con-
cepcion is affected by the wind patterns and
hydrographic variation of the Gulf of Cali-
fornia region. The water column stratifica-
tion, with a well-defined thermocline in June
and the hydrographic homogeneity of the
water column in November, which is asso-
ciated with the highest zooplanktonic biomass
volumes and lowest sea-surface temperature
TABLE 3
Dominant Fish Larval Taxa of the Sampling Station Groups in Bahia Concepcion (Gulf of California) during
November 1997 Determined by the Olmstead-Tukey Test
Mouth" Central-Interior
Dominant Taxon
Mullidae type 1
Etrumeus teres
Ilypnus gilberti
Sciaenidae type 2
Pomacentridae type 1
Hypsoblennius gentilis
Mean
Abundance
20
20
Frequency of
Occurrence (%)
100
83
Mean
Abundance
10
20
10
10
5
Frequency of
Occurrence (%)
100
83
74
78
44
a Number of taxa, 18; number of stations, 6.
b Number of taxa, 33; number of stations, 23.
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of the study, is consistent with previous
studies in the Gulf (e.g., Roden and Groves
1959, Badan-Dangon et al. 1985, Lavin et al.
1997). Strong northwesterly winds cause up-
welling along the eastern shore and strong
vertical mixing in the central Gulf from late
autumn to early spring. During summer, weak
southeasterly winds generate local upwell-
ing along the western shore, influencing the
water column stratification and a well-marked
thermocline. These conditions are reflected
in Bahia Concepci6n.
During the stratification period, strong
differences in species composition and domi-
nance are associated with variations in tem-
perature, salinity, and zooplankton biomass in
the mouth, central, and interior regions of the
bay. Stations at the bay mouth were charac-
terized by having lower temperatures and
salinities and higher zooplankton biomass
than those in the central and interior zones.
The interior zone had the highest tempera-
ture and salinity. Partitioning the bay into
three zones is consistent with findings of
Obeso-Nieblas et al. (1996), who divided the
bay into mouth, central, and interior zones
according to current speed. Because of the
geomorphology of the bay the highest speeds
occurred in the bay mouth and the lowest
occurred in its interior. Larvae of the coastal
pelagic Opisthonema sp. and shallow demersal
Eucinostomus gracilis were numerically domi-
nant in the collections taken in the bay mouth
during summer, coinciding with their spawn-
ing period in the central Gulf (Moser et
al. 1974, Avalos-Garcia et al. 2003). During
summer, larvae of shallow demersal species
such as Stegastes rectifraenum and Harengula
thrissina dominated the plankton collections
from the central bay, and E. dowii dominated
in the bay interior. These latter three species
also spawn in the central Gulf during sum-
mer, but with lower abundance than Opistho-
nema sp. and E. gracilis (Avalos-Garda et al.
2003).
Similarity of larval composition in the
central and interior bay in November is asso-
ciated with the hydrographic homogeneity of
the water column caused by strong prevailing
winds. Mixing of the water column is also af-
fected by the high tidal ranges that occur in
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the central Gulf at that time of year (Instituto
of Geoflsica 1994). Larvae of Mullidae, Ilyp-
nus gilberti, and Hypsoblennius gentilis, among
other shallow demersal species, dominated
plankton collections from the central-interior
bay, but occurrences of these larvae are rare
in the central Gulf (Moser et al. 1974, Avalos-
Garda et al. 2003). In addition to Mullidae
larvae, the coastal pelagic Etrumeus teres was a
dominant species in the bay mouth in No-
vember, coinciding with its spawning period
in the central Gulf (Moser et al. 1974, Green-
Ruiz and Acal-Sanchez 1987, Avalos-Garcia
et al. 2003). The presence of larvae of meso-
pelagic species such as Benthosema sp. and
Vinciguerria lucetia and deep demersal species
such as Merluccius productus in the central and
interior bay during November is a clear indi-
cator of the influence of the Gulf waters on
the bay at that time. This was possibly the
result of intensive mixing in the water col-
umn.
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